Comment on "Detuning effects in the one-photon mazer" 
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In a recent work, Bastin and Martin (B-M) [Phys. Rev. A 67, 053804 (2003)] have 

in ■ 

I analyzed the quantum theory of the mazer in the off-resonant case. However, our analysis 

. of this case refutes their claim by showing that their evaluation of the coupled equations 

for the off-resonant case is not satisfactory. The correct expression can be obtained by 
| applying an appropriate formulae for the involved dressed-state parameters. 
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The tremendous progress of ultra-cold atomic physics in the past decades is 
£> | mainly due to the invention of powerful techniques for trapping and cooling atoms. 

The coupling between the center-of-mass motion of the atom and localized laser 
^ ■ fields is a central topic in quantum optics, and leads to many important effects and 

^ | applications in cooling, trapping, deflection, and isotope separation experiments. 

The interaction of ultracold atoms with microwave cavities has been considered 
in Refs. [1]. These studies treated the interaction between an incident atom in 
an excited state and a cavity field, taking the quantum mechanical center-of-mass 
motion of the atom into account. This interaction leads to a new kind of induced 
emission named the mazer action [1]. 

In a recent work, Bastin and Martin [2] have considered the interaction of cold 
atoms with microwave high-Q cavity and have argued that they have removed the 
restriction that considered in the previous work by considering the off-resonant case 
for two-level atoms. However, the two-level atoms were assumed to interact with a 
single mode of the cavity and the off-resonance case was considered in Ref. [3,4]. 
Bastin and Martin [2] have considered the Hamiltonian 

H = h u) <7 + o + uja)a + gu(z){aa* + aa + }. (1) 

2m 

Let us write equation (1) in the following form 

H ^ V 
2m 
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V = — a z + uj{a)a + -a z ) + gu(z){aaJ + aa + }. (2) 

It is easy to show that in the 2x2 atomic-photon space the eigenvalues and eigen- 
functions of the interaction Hamiltonian V 

V\$±) = EX), (3) 



E± = ( n + ±)u;±^ + g 2 u 2 (z)(n + l), (4) 
|$+) = cos9 n \n + l,g) + sm0„|n, e), 

|$~) = -sm6 n \n + l,g) + cos9 n \n,e). (5) 

In the atom-field coupling inside the cavity is considered to be a constant along the 
propagation axis of the atoms, the problem can be solved analytically. In this case, 
the mesa mode function is given by u(z) = 1 for < z < L, where L is the length 
of the cavity in the z-direction. 

Now let us look more carefully at the general case, i.e. we go beyond the mesa 
mode case. In this case the ortho normal functions |$^) in the 2x2 system diago- 
nalize the Hamiltonian and its elements are diagonal in this set of functions with 



V ± = E ± 



A 
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co m n = — - 2 . (6) 

gu{z)y/n + 1 



The states are z-dependent through the trigonometric functions, they satisfy 

d2 \^) = M^-\^)( d 4A 2 - (?) 



dz 2 ' nl 1 nl dz 2 1 nl \ dz , 

Then \^(z,t)) can be expanded in the form \^(z,t)) = J2 n ^n\^n) an d it satisfies 
the Schrodinger equation 

i^\9(z,t)) = H\*(z,t)). (8) 
Hence the coefficients C^(z,t) satisfy the coupled equations 

eci ( i * v + _^VW 



dt \ 2m dz 2 n \ dz 
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oz \ dz 
dt \ 2m dz 2 n 




dz \ dz 

These equations should replace equations (5a) and (5b) of the B-M paper [2]. But 
once u(z) is taken to be constant, then ^ will vanish and we get the results of [3]. 

Also, it is important to point out that, in the last line of equation (5a) of B-M 
paper, 9H5 sin 2 should be replaced by H5 sin 29. 

The most serious point is that Bastin and Martin have overlooked the formulae 
for cos 26^ and sin2# n , as well as 

-A/2 



cos 29 n 



^f +g 2 u 2 {z){n+1) 



sm29 n = - (10) 

Once these formulae inserted in the corrected equations (5a) and (5b) of B-M paper, 
we find that, the second terms vanish identically and hence the results of B-M paper 
reduce to the same equations which have been presented in Ref. [3,4], in which we 
have described in details the off-resonant case on the mazer properties. 
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